1. Introduction {#sec1}
===============

Homocysteine is an amino acid which has sprung into prominence in the past few decades \[[@B1]\]. Homocysteine is intricately linked to folate metabolism and one methyl transfer. Elevated homocysteine levels have been shown to be deleterious on vascular endothelium \[[@B1], [@B2]\]. Elevated homocysteine has also served as an early marker for insulin resistance due to the effects of insulin on homocysteine metabolism and renal clearance \[[@B3]\]. These relationships of homocysteine to disease states in the nonpregnant adult population have been extrapolated to link it to the pregnancy specific conditions of gestational diabetes mellitus and hypertensive disorders of pregnancy. Homocysteine levels decline during pregnancy \[[@B4]\], and the levels are the lowest during second trimester of pregnancy and increase in the second half of the third trimester of pregnancy. Hence, samples taken within strict time frame, such as 4 weeks (between 8 to 12 weeks of gestation), would have a better success at correlating the homocysteine levels with the pregnancy outcome, by minimising the gestational age bound variation of homocysteine. In addition, most maternal complications such as hypertensive disorders of pregnancy and gestational diabetes mellitus develop much later, so timing the sample collection before 12 weeks would sufficiently predate the onset of complications.

Serum homocysteine levels in pregnancy have been linked to preeclampsia \[[@B4]--[@B6]\], recurrent abortions \[[@B7]--[@B9]\], and low birth weight \[[@B10]\]. But evidence on this is conflicting with some studies stating that serum homocysteine values have no correlation to maternal and fetal outcome \[[@B11]\]. Hence, there is a need for this study to shed light on these conflicting opinions regarding the effect of homocysteine levels on both maternal and fetal outcomes.

2. Aim and Objectives {#sec2}
=====================

To correlate the levels of homocysteine in late first trimester of pregnancy (8--12 weeks) with the maternal and fetal outcome of pregnancy, especially with regard to development of hypertensive disorders of pregnancy and gestational diabetes mellitus.

To estimate the homocysteine levels in late 1st trimester (8--12 weeks) and to correlate it with prior history of (i) first, second, and third trimester pregnancy losses, (ii) hypertensive disorders of pregnancy and gestational diabetes mellitus, (iii) fetal malformations, and (iv) preterm delivery and birth weight.

To correlate the homocysteine levels with the present pregnancy---parameters, namely, (i) hypertensive disorder of pregnancy, (ii) gestational diabetes mellitus, (iii) pregnancy loss, (iv) amniotic fluid volume and meconium staining of amniotic fluid, and (v) birth weight.

3. Materials and Methods {#sec3}
========================

It was a prospective observational cohort study comprising antenatal women who attended the antenatal outpatient department of a tertiary care---university level health centre. The study was started after obtaining the Institutional Ethics Committee approval and was conducted from August 2009 to July 2011. 110 women were invited to participate in the study and 100 agreed to participate in the study. Ten women refused to participate in the study as they were from distant places from our institute and hence could not come in the early morning in fasting state for the homocysteine test. Subjects were enrolled at 8 to 12 weeks gestation and known diabetics or hypertensives on treatment were excluded. At enrollment, a questionnaire was collected regarding age, period of gestation, parity, abortions with respective period of gestation and whether induced or spontaneous, history of previous fetal malformations, history of hypertensive disorders of pregnancy or gestational diabetes mellitus in previous pregnancies, and birth weight of previous children and whether the previous deliveries were term or preterm births. Venous blood samples were taken after overnight fasting for serum homocysteine estimation and serum separated by centrifugation and sera assayed for homocysteine by chemiluminescence assay technique using a well-calibrated fully automated chemiluminescence assay system---the Advia Centaur CPTM immunoassay system (Siemens, Germany) which is an automated, random access---direct chemiluminescent immunoassay analyzer \[[@B28]\]. The patients were followed up in antenatal OPD as per hospital protocol. They were asked for symptoms of preeclampsia and GDM. Routine examination included blood pressure recordings, pedal edema, urine albumin and sugar, Symphysio Fundal Height, and clinically amniotic fluid level status. Glucose challenge test was done at 32 weeks of pregnancy, and if abnormal, 100 gram oral glucose tolerance test (OGTT) was done to diagnose Gestational Diabetes Mellitus. Antenatal Ultrasound was done if there was clinical suspicion of IUGR (e.g., Symphysio Fundal Height less than 4 cm than corresponding to period of gestation), and in case of malpresentations, hypertensive disorders of pregnancy (and other risk factors for IUGR) and before induction of labour. Doppler ultrasound of umbilical and middle cerebral artery was done in case of IUGR and preeclampsia to do assess the risk of fetal morbidity in these cases.

Statistical analysis was done using GraphPad Instat software; using unpaired *t*-test for comparison of two parametrically distributed groups of data, unpaired *t*-test with Welch correction was used for comparison of two parametrically distributed groups of data with unequal variances. Mann-Whitney *U* test was used for comparison of two nonparametrically distributed groups of data, and one way ANOVA was used for more than two parametrically distributed groups of data. Kruskal-Wallis test was used for comparison of more than two parametrically distributed groups of data. *P* value of ≤0.05 was taken as significant and ≤0.001 was taken as highly significant.

4. Results {#sec4}
==========

Of the 100 antenatal women recruited, 10 were lost to follow up thus leaving 90 subjects whose outcomes were analysed. The ages of the subjects were in the range of 21 to 33 years with a mean age of 24.76 ± 2.6 years. The BMI of the subjects ranged from 15.5 kg/m^2^ to 33.2 kg/m^2^ and the mean was 21.70 ± 6.23 kg/m^2^. The mean serum homocysteine level was 14.07 ± 7.84 *μ*mol/L. There was no correlation between the homocysteine levels and the age, BMI, the period of gestation, or the number of folic acid tablets taken by the subjects.

Of the recruited 100 women, 14 women had past history of hypertensive disorders of pregnancy, 5 women had previous gestational diabetes mellitus, 6 had a previous preterm delivery, and 2 had a previous fetal malformation. There was significantly elevated homocysteine levels (*P* = 0.0359) among women with prior history of hypertensive disorders of pregnancy. However, the difference in homocysteine levels between those with and without past history of gestational diabetes mellitus was not statistically different (*P* = 0.054). There was no statistically significant difference of homocysteine levels with history of prior preterm deliveries (*P* = 0.8348) or with history of previous fetal malformation (*P* = 0.078) ([Table 1](#tab1){ref-type="table"}).

Of the 100 antenatal women, 27 women had previous one and 9 women had previous two first trimester pregnancy losses, 9 women had previous one and 3 had previous two second trimester pregnancy losses, and 9 women had previous one third trimester pregnancy loss. There was no statistically significant elevation of homocysteine levels in those with history of prior first trimester pregnancy losses (*P* = 0.1687). There was statistically significant elevation of homocysteine levels in those women with history of prior second trimester pregnancy losses (*P* = 0.0307). There was highly significant elevation of homocysteine levels in those women with history of prior third trimester pregnancy losses (*P* \< 0.0001). Comparing women with no history of prior pregnancy losses in any trimester and those with pregnancy losses in any trimester, there was highly significant elevation of homocysteine levels in the latter group ([Table 2](#tab2){ref-type="table"}). There was no significant correlation between prior birth weights and the serum homocysteine levels ([Table 2](#tab2){ref-type="table"}).

The present pregnancy outcome of the 90 women who completed follow-up (10 women were lost to follow up) was then analysed. Of the 90 women, 18 developed hypertensive disorders of pregnancy (HDP) and 7 developed gestational diabetes mellitus (GDM); 2 patients had a fetus with a congenital malformation and 8 patients had a pregnancy loss (including 2 stillbirths). Of the 84 antenatal women whose delivery outcomes were analysed: 18 women had oligohydramnios, 17 women had meconium stained amniotic fluid, and 11 women delivered low birth weight babies (birth weight \< 2500 gm).

The homocysteine levels were statistically elevated in those who went on to develop HDP than those who did not develop HDP (*P* = 0.0011). The power of the study to detect a difference in HDP was 0.95. There was no significant difference (*P* = 0.6312) in homocysteine levels between those who developed and those who did not develop GDM. The power of the study to detect a difference in GDM was 0.42 ([Table 3](#tab3){ref-type="table"}).

There was significant elevation in homocysteine levels (*P* = 0.0002) among those who suffered a pregnancy loss when compared to those who had a live birth in the current pregnancy. There was no statistically significant difference in homocysteine levels (*P* = 0.6621) between those who had a fetus with a congenital malformation and those who had a morphologically normal fetus. There was statistically significant increase in homocysteine levels in women with oligohydramnios on comparing with women with normal amniotic fluid levels (*P* \< 0.001), and women with meconium stained amniotic fluid had higher homocysteine levels than those with clear amniotic fluid (*P* = 0.0037). The serum homocysteine levels were significantly elevated (*P* = 0.0224) for those women who gave birth to low birth weight babies than those whose babies weighed above 2500 grams at birth ([Table 4](#tab4){ref-type="table"}).

5. Discussion {#sec5}
=============

Serum homocysteine is not significantly correlated with the age of the subjects, which is in agreement with another Indian study by Das et al. \[[@B12]\]. Serum homocysteine levels are not significantly associated with body mass index, in concordance with a study by Han et al. \[[@B13]\]. There was no significant variation with the mean period of gestation at which the samples were taken with the serum homocysteine concentrations. This may be due to the factor that the time window in which the samples were taken itself was short, and the study by Murphy et al. \[[@B14]\] and Dodds et al. \[[@B4]\] on the homocysteine levels longitudinally through pregnancy suggests that the homocysteine levels may be more stabilised from 8 weeks of gestation onward up to the middle of second trimester; there is a reduction in homocysteine levels prior to 8 weeks and a rise in homocysteine levels in the third trimester.

There was no significant correlation between homocysteine levels and the number of folic acid tablets taken in correlation with the prior studies \[[@B4], [@B15]\]. The difference in homocysteine levels in those with prior first trimester losses did not reach statistical significance in this study.

However, when all prior pregnancy losses were taken together, the difference in homocysteine levels was statistically significant; the same statistical significance held true with those who had prior second or third trimester losses. This can be compared to other studies, which have also showed that prior early pregnancy losses \[[@B8], [@B9], [@B16]\] and stillbirths \[[@B17]\] are reflected in higher homocysteine levels. Those with prior hypertensive disorders of pregnancy also had increase in homocysteine levels, in concordance with other studies \[[@B17], [@B18]\].

Prior preterm birth was not significantly associated with homocysteine levels, in contrast to a study by Kramer et al. \[[@B2]\] which saw an association of preterm birth with higher homocysteine levels, but the proposed mechanism of decidual vasculopathy of the placenta due to higher homocysteine level could not be proven by that study. The serum homocysteine levels was not different between those who had a previous fetal malformation in contrast with the Hordaland Homocysteine study \[[@B17]\] which showed an increased incidence of malformations, particularly neural tube defects, in those mothers with elevated homocysteine levels. There was a declining trend of prior birth weights with higher homocysteine levels confirmed by other studies \[[@B17]\]. With reference to the index pregnancy, the serum homocysteine levels were significantly different between those who went on to develop hypertension during their pregnancy, and those who remained normotensive, in conformance with prior studies \[[@B5]--[@B7], [@B19]\].*Post priori* power calculation has shown that the power to detect a difference in hypertensive disorder of pregnancy was 0.95 which indicates that the present study was adequately powered to show that elevated homocysteine is associated with development of hypertensive disorders of pregnancy.

The serum homocysteine levels were not significantly different between those who developed gestational diabetes mellitus and those who maintained normal glucose tolerance, similar to a study by Idzior-Waluś et al. \[[@B20]\]. However, it is in contrast to a study by Tarim et al. \[[@B21]\] who found a significantly elevated homocysteine level in antenatal women with gestational diabetes mellitus. Nevertheless, much conclusion cannot be drawn from the present study as the*post priori* power calculated was 0.42 only. The serum homocysteine levels were not different between those who had fetuses with congenital malformations and normal fetuses, in conformance with the study \[[@B22]\] of Wang et al. Elevated serum homocysteine levels were also associated with pregnancy loss in the current pregnancy. This is in concordance with several other studies which also showed an increase in the rate of spontaneous abortions \[[@B8]\] and stillbirths \[[@B17], [@B23]\] in pregnancies with elevated homocysteine levels.

The difference in homocysteine levels between those with oligohydramnios and normal amniotic fluid level status and those with clear and meconium stained amniotic fluid has been shown to be statistically significant in this study. However, there is a lack of previous studies to show this association. However, this can be taken as an extrapolation of the higher incidence of preeclampsia \[[@B5]--[@B7], [@B19], [@B24]\], fetal growth restriction \[[@B25]\], and impairment of placental transport \[[@B26]\] that has been documented in previous studies. This can also be taken as an extrapolation of the increased incidence of hypertensive disorders of pregnancy and its associated placental insufficiency. The difference in serum homocysteine levels between those with low birth weight babies and those whose birth weight was above 2500 grams was statistically significant. This is in conformance with most studies \[[@B25], [@B27]\] but one study \[[@B5]\] contradicted stating that there was no statistical difference.

6. Limitations {#sec6}
==============

The*a priori* power calculation in the study was based on prior study on serum homocysteine levels in hypertensive disorders of pregnancy. Due to paucity of data on serum homocysteine levels in gestational diabetes mellitus,*a priori* power calculation for gestational diabetes was not done. The*post priori* power calculation was 0.42 which indicates that this study may not have had the power to detect a difference in homocysteine levels in gestational diabetes. The number of cases was small and definite conclusions cannot be derived from this study. However, this study is the first of its kind in this ethnic population in a developing country. Further studies will be needed to strengthen these conclusions. Though the number of folic acid tablets taken prior to the sample collection for homocysteine is quantified (by memory recall of the patients), the number of folic acid tablets taken by the patients after the sample collection during the rest of the pregnancy may be a confounding factor, especially due to the fact that though folic acid is routinely recommended during first trimester, the focus shifts to iron during the second and third trimester, notwithstanding the fact that many iron preparations contain folic acid in addition to iron. Vitamin B12 levels were not estimated and this is a confounder as well. Serum folate and vitamin B12 values were not assayed in the samples. This is a limitation of this study since homocysteine values vary with folate and B12 levels.

7. Conclusions {#sec7}
==============

Serum homocysteine levels in late first trimester (8 to 12 weeks) of pregnancy are significantly associated with prior pregnancy losses, particularly in the second and third trimesters and with prior hypertensive disorders of pregnancy. With reference to the current pregnancy, increased serum homocysteine levels are also significantly associated with hypertensive disorders of pregnancy, pregnancy loss, oligohydramnios, meconium stained amniotic fluid, and low birth weight. However, raised homocysteine levels are not significantly associated with body mass index or with gestational diabetes mellitus and fetal malformations, neither in the past pregnancies nor in the current pregnancy.
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###### 

Homocysteine levels with reference to outcome of past pregnancies.

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                  No past history of hypertensive disorder of pregnancy\   Past history of hypertensive disorder of pregnancy\   *P* value    Statistical test used
                                  (*n* = 86)                                               (*n* = 14)                                                         
  ------------------------------- -------------------------------------------------------- ----------------------------------------------------- ------------ --------------------------------------
  Serum homocysteine (*μ*mol/L)   13.11 ± 5.81                                             19.13 ± 9.34                                          **0.04**\*   Unpaired *t*-test---Welch correction

                                                                                                                                                              

                                  No prior gdm\                                            Prior gdm\                                                            
                                  (*n* = 95)                                               (*n* = 5)                                                          

                                                                                                                                                              

  Serum homocysteine (*μ*mol/L)   13.83 ± 6.82                                             20.39 ± 7.05                                          0.054        Unpaired *t*-test

                                                                                                                                                              

                                  No prior preterm delivery\                               Prior preterm delivery\                                              
                                  (*n* = 94)                                               (*n* = 6)                                                          

                                                                                                                                                              

  Serum homocysteine (*μ*mol/L)   14.33 ± 7.20                                             13.76 ± 4.20                                          0.83         Mann-Whitney *U* test

                                                                                                                                                              

                                  No previous fetal malformation\                          Previous fetal malformation\                                         
                                  (*n* = 98)                                               (*n* = 2)                                                          

                                                                                                                                                              

  Serum homocysteine (*μ*mol/L)   14.01 ± 6.80                                             23.88 ± 9.12                                          0.08         Mann-Whitney *U* test
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\**P* ≤ 0.05 significant.

###### 

Homocysteine levels with reference to outcome of past pregnancies.

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                  No prior first trimester loss\                        One prior first trimester loss\                                 Two prior first trimester losses\    *P* value                       Test used             
                                  (*n* = 64)                                            (*n* = 27)                                                      (*n* = 9)                                                                                  
  ------------------------------- ----------------------------------------------------- --------------------------------------------------------------- ------------------------------------ ------------------------------- --------------------- ---------------------
  Serum homocysteine (*μ*mol/L)   12.80 ± 6.58                                          15.25 ± 7.58                                                    17.08 ± 5.80                         0.1687                          One way ANOVA         

                                                                                                                                                                                                                                                   

                                  No prior second trimester loss\                       One prior second trimester loss\                                Two prior second trimester losses\                                                         
                                  (*n* = 88)                                            (*n* = 9)                                                       (*n* = 3)                                                                                  

                                                                                                                                                                                                                                                   

  Serum homocysteine (*μ*mol/L)   13.59 ± 7.02                                          16.72 ± 2.89                                                    6.52 ± 0.50                          **0.0307**\*                    Kruskal-Wallis test   

                                                                                                                                                                                                                                                   

                                  No intrauterine fetal death in the third trimester\   One previous intrauterine fetal death in the third trimester\                                                                                              
                                  (*n* = 91)                                            (*n* = 9)                                                                                                                                                  

                                                                                                                                                                                                                                                   

  Serum homocysteine (*μ*mol/L)   13.16 ± 5.75                                          23.79 ± 9.21                                                    **\<0.0001**\*\*                     Unpaired *t*-test                                     

                                                                                                                                                                                                                                                   

                                  No prior pregnancy loss (any trimester)\              One prior pregnancy loss\                                       Two prior pregnancy losses\          Three prior pregnancy losses\                           
                                  (*n* = 52)                                            (*n* = 25)                                                      (*n* = 19)                           (*n* = 4)                                             

                                                                                                                                                                                                                                                   

  Serum homocysteine (*μ*mol/L)   11.08 ± 4.18                                          13.46 ± 7.15                                                    19.23 ± 6.65                         17.80 ± 6.41                    **0.0002**\*\*        Kruskal-Wallis test
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\**P* ≤ 0.05 significant.

\*\**P* ≤ 0.001 highly significant.

###### 

Homocysteine levels with reference to maternal outcome of present pregnancy.

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                  Normotensive in present pregnancy\              Hypertensive disorders in present pregnancy\   *P* value      Statistical test used
                                  (*n* = 72)                                      (*n* = 18)                                                    
  ------------------------------- ----------------------------------------------- ---------------------------------------------- -------------- -----------------------
  Serum homocysteine (*μ*mol/L)   13.51 ± 7.95                                    18.44 ± 6.59                                   **0.0011**\*   Mann-Whitney *U* test

                                                                                                                                                

                                  No gestational diabetes in present pregnancy\   Gestational diabetes in present pregnancy\                     
                                  (*n* = 83)                                      (*n* = 7)                                                     

                                                                                                                                                

  Serum homocysteine (*μ*mol/L)   14.41 ± 7.98                                    15.66 ± 7.61                                   0.6312         Mann-Whitney *U* test
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------

\**P* ≤ 0.05 significant.

###### 

Homocysteine levels with reference to fetal outcome of present pregnancy.

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                  No fetal congenital malformation\   Fetal congenital malformation\     *P* value            Statistical test used
                                  (*n* = 88)                          (*n* = 2)                                               
  ------------------------------- ----------------------------------- ---------------------------------- -------------------- --------------------------------------
  Serum homocysteine (*μ*mol/L)   14.56 ± 8.0                         12.07 ± 1.75                       0.6621               Mann-Whitney *U* test

                                                                                                                              

                                  No pregnancy loss\                  Pregnancy loss\                                          
                                  (*n* = 82)                          (*n* = 8)                                               

                                                                                                                              

  Serum homocysteine (*μ*mol/L)   13.51 ± 7.47                        24.65 ± 4.51                       ***0.0002***\*\*     Mann-Whitney *U* test

                                                                                                                              

                                  Clear amniotic fluid\               Meconium stained amniotic fluid\                         
                                  (*n* = 67)                          (*n* = 17)                                              

                                                                                                                              

  Serum homocysteine (*μ*mol/L)   12.52 ± 6.94                        18.43 ± 8.48                       **0.0037**\*         Mann-Whitney *U* test

                                                                                                                              

                                  No oligohydramnios\                 Oligohydramnios\                                         
                                  (*n* = 66)                          (*n* = 18)                                              

                                                                                                                              

  Serum homocysteine (*μ*mol/L)   12.58 ± 7.01                        20.02 ± 7.92                       ***\<0.0001***\*\*   Mann-Whitney *U* test

                                                                                                                              

                                  Birth weight\                       Birth weight\                                            
                                  ≥2500 gm\                           \<2500 gm\                                              
                                  (*n* = 73)                          (*n* = 11)                                              

                                                                                                                              

  Serum homocysteine (*μ*mol/L)   12.35 ± 5.64                        23.22 ± 12.32                      *0.0224*\*           Unpaired *t*-test---Welch correction
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------

\**P* ≤ 0.05 significant.

\*\**P* ≤ 0.001 highly significant.
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